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COMPRESSION  OF  A MAGNETIC  FIELD  BI  A SHELL  HITH  CONSTANT  CONDUCTIVITY 


A.  Ye..  Kulago 


§1.  Statement  of  the  problem  and  its  solution  by  the  integral 
transformation  method.  Ya.  P.  Terletskiy  [1]  was  the  first  to  suggest 
obtaining  super-strong  magnetic  fields  by  compressing  the  field. 
Fields  on  the  order  of  10’  G were  obtained  in  experiments  [2,  3] 
based  on  this  method.  The  plane  problem  of  the  compression  of  a 
magnetic  field  without  consideration  of  displacement  currents  was 
solved  in  [4-6].  The  authors  of  [7]  considered  the  diffusion  of  a 
magnetic  field  into  a plate  and  a shell  during  the  movement  of  the 
melting  zone  of  the  metal-  The  plane  and  axisymmetrical  problems  for 
a perf ectly-conduc  tive  boundary  were  salved  by  I.  H.  Butkevich  with 
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consideration  of  the  displacement  currents  [8].  The  problea  of  the 
compression  of  a magnetic  field  by  a cylindrical  shell  with  finite 
conductivity  is  solved  in  this  report  without  consideration  of  the 
displacement  currents. 

He  will  consider  a cylindrical  cavity  whose  initial  radius  B0  is 

♦* 

compressed  at  rate  V.  Region  D2  is  considered  to  be  infinite.  At  the 
initial  point  in  time  t - 0 the  magnetic  field  was  homogeneous,  H = 

H0  in  the  cavity  {region  D t ) , and  H = 0 in  the  conductor  (region  D2) . 
The  electrical  field  E was  absent  at  t = 0,  and  at  the  center  of  the 
plane 

f (P.0-0.  0> 

In  this  case,  the  equations  for  8 and  e are: 


If 

Alvf- •,  + 

* * * • 

* 

ml 

t t 

2 

dr  * 

Hh 

7-.[1+-|-Vx 

.1  ■*. 

•h 

He  will  use  cylindrical  coordinate  system  r,  e,  s.  The  z~axis  is 
the  amis  of  syaaetry  of  the  given  probleat.  Vector  if  will  have  the 
ceapeeeet  ifc  2-4,  <r,  4.  and  e-e-v  Hit  host  coe  eider  lag  the 

dlsplaceaent  currents  and  keeping  in  mind  that  we  can 
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consider  the  field  Ha  to  be  homogeneous  in  Dt»  i.e.,  = H(t). 

. 


the  conditions  of  the  conjugation  cf  the  solutions  on  the 
interface  of  regions  Dt  and  D2  will  be 


i.;e. , the  nagnetic  and  electrical  field  on  the  interface  is 
continuous.  Integrating  the  first  equation  of  systea  (2)  froa  r = 
to  r * H*  where  f*(n)ei,  and  considering  (1) , we  will  have 


1! 

o 


*{HRi 

M 


-i ce-9H, 


where  H is  the  field  in  cavity  Dt  and  E is  the  electrical  field  on 
the  interface  y.  Since  the  diffusion  rate  of  the  aagnetic  field  is 
considerably  higher  than  the  rate  of  aovenent  of  the  interface,  we 
will  solve  the  problem  of  the  diffusion  of  a magnetic  field  into  a 
stationary  conductor,  considering  fi  = B(t*)  to  be  constant  at  this 
stage.  He  will  recalculate  E and  H for  a aobile  conductor  froa  the 
known  formulae: 


where  the  priae  designates  the  aoving  coordinate  systea. 
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We  will  find  E and  H in  D*.  In  order  to  do  this*  we  will  use  the 
integral  Laplace  transforn: 


Using  equations  (2)  and  (4)  and  disregarding  the  displaceaent 
currents*  we  will  have 


+H  . I 4m  . 

dr*  + V '**-«•  m * 


C* 


The  solution  to  equation  (7)  will  be 


where  Y0  is  the  Weber  function  with  the  zeco  subscript*  approaching 
zero  at  infinity* 


We  will  find  function  i(p)  fron  the  boundary  condition  as  follows. 
Let 


M¥.4 


Then  [9] 


»<,.«. ja*- 


4f«(r.  4+' 


f.  1 


NMMMMBl 
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and  at  r = R,  on  the  boundary 


Referring  again  to  the  representations,  we  will  have 


H(*.  p)-/«WK,(Af  *), 


where 


Hi*. 


Then 


Using  the  kncsn  operational  analysis  theorens  [9]: 


AseL^jm. . y /*, 

mm  + mm 


#•.  M M # -J- J/. « 


*(P)  * B(p)  are  polynoaials  for  p,  we  will  find 
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the  sate  for  aobile  and  stationary  conductors.  The  electrical  field 


for  a stationary  conductor  is  equal  to 


Then 


Using  equations  (5)  , (6)  and  (0) , we  will  obtain  the  equation  for  the 
strength  of  the  nagnetic  field  in  the  cavity 


DCC  = 0236 


PAGE  7 


*+•*.  * 

dt  no  <*. ) R[»)  L*  H 


Integrating  equation  (9),  we  will  have 


Hit) 


no 


_i_  f Hint V -i-  r ^ it~*  4o+ C JLi& 

* * ) #it)  2d  * *«> 


■ V ^ H{u)(M+  0* 


*<*> 


Equation  (10)  is  the  integral  Tolterra  equation- 


§2.  Uniform  movement  of  interface.  Limiting  case  of  high 
conductivity.  He  know  [10]  the  following  asymptotics  for  the  roots: 


*»*,  + (*  — I)*. 


He  will  limit  ourselves  to  one  term  of  the  series  in  equation  (10) 
and  we  will  consider  large  values  of  «.  We  will  assume  that  R = R0  = 

v0t.  Here  v0  * const.  Then  equation  (10)  assumes  the  fora 


H(t) 


*<h° 


i-{  "i-L*.  C-h-HM*,"*.. 

W J R •«)  + ] Rit ) ' ' * h R(t) 


on 


i 

Differentiating  equation  (11)  by  t and  substituting  Jlf(«)4i» 
equation  (11)  in  the  expression  obtained,  we  will  have  the 
first-order  differential  equation  for  H (t)  : 


from 


S 


DOC  0236 


PAGE  8 


4M  _ -f  KfcOftwg)  ul‘jyyM 

* “ Mi°ft* (c* -f *V,0*ft)  ‘ W_  «•(«*  + tUhaoJd  ’ *** 


The  solution  to  equation  (12)  will  he 


H- 


r a 

• (*+*9,0*/?,)  ft*  L * 


'•<■**-* 


(13) 


If  9 in  equation  (13)  approaches  infinity,  ve  will  have 


*S 

H = H . — . 


0«> 


Here  we  use  the  relationship 

ljm  «<h<»vft«  ,n  ft,  (c*  + "Vt <>«»/?) 

c-m  <•  ft  (c*  nqiavaJit) 


ft,-/? 
ft  * 


Solution  (14)  is  the  solution  for  a perfect  conductor  [1].  The  figure 
shows  a comparison  of  solution  (14)  with  solution  (13).  The  value  of 
•t  for  copper  at  room  temperature  is  used.  The  curve  for  a3  has  a 
maximum.  Thus,  the  solution  is  correct  up  to  specific  values  of  the 
compression  of  the  cavity,  whence  it  follows  that  the  approximate 
equation  (11)  is  only  valid  at  sufficiently  large  values  of  wR. 


In  closing,  we  would  like  to  thank  V*.  V.  Lckhin  for  helping  with 
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the  study. 
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SlllUf 

A.  E.  Kulago 

COMPRESSION  OF  A MAGNETIC  FIELD  »Y  A SHELL  OF  CONSTANT  CONDUCTIVITY 

Equations  are  obtained  lor  a magnetic  field  compressed  by  a cylindrical  shell  of 
constant  conductivity.  Solutions  are  given  in  some  particular  cases. 
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